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High-speed displacement vessels are widely used in most of
the amaller navies because they provide low operating cost, com-

'ﬂﬁ
2,4
X

bined with performance adequate for policing 200 nm Excluasive Econo- .:E};q?
mic 2ones. Feaaibility designs of this kind of veseel, such as cor- NN
vettes and patrol boats, always require calm water reaistance esti- LONhAYA
matea. This paper ds-en-attemptsto use available data to analyze Takadava
main hull form parameters that affect the resistance characterist- ﬁﬂ&ﬁ&f
ica of the veassel. A few high apeed round bilge methodical aeriesa At
(such aa the well known Seriea 64, NPL-HSRB, SSPA-SFDV, HSVA’C’ RIS
Series and Canadian Fast Surface Ship Series) as well as some num- :{3&;53
erical formulaa from regreasajion analyases are available for the pow- t”ti“?
ering atudieas of this type of vesasel. However, any attempt to deasign i;“““

a good high-speed displacement hull by adopting the previously men- Ny

tioned methodical series haa to be carefully examined. The main %} o
hull form parameters muat be appropiate to the speed range, due to RSN
some distinctive resistance characteristics at Froude numbera larger el
or smaller than 0.45-0.55. This paper covers some basic conaidera- EUISRLY
tions of these aspecta/ bygﬁexkizlng several computer programs which- TN
-wer® developed by the author based on some of the high-speed round ;ﬁ!g \j
bilge methodical] series. -Finally’ gome other hull form parameters that ﬁ“ifjﬁ

" »,

may affect reasiatance argAdiscussed.
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NOTATION
AEW Admiralty Experiment Works e
AT Transom Area (asq-ft) i
AX Maximum Section Area (ag-ft) 8
.;'\' N
- Bpx Maximum Chine Beam (ft) RSN
& PN
£\ BT Transom Width (ft) N
:;‘ .'%::\
i BX Beam at Station aof Maximum Section Area (ft) P
o B/T Beam-Draft Ratio
2
2 CB Block Coefficient
-'_:
fa Ccf Frictional Resistance Coefficient
,-: CP Prismatic Coefficient
-:..
;;: Cr Residuary Resistance Coefficient
<
% CT Total Resistance Coefficient
,-: Cw Waterplane Area Coefficient
:: CX Maximum Section Area Coefficient
o,
AS
o> C, Static Beam-Loading Coefficient
= V / Bpx"3
V_\.. )
N .C; 427.1 = EHP / (Diap~0.666 * V~3)
f".-
;}_ CA Ship-Model Correlation Factor
Fe
.
p' Disp Displacement (Long tons)
':’-j DL Displacement-Length Ratio
:.-: DTMB David Taylor Model Baain
A
® FN, FNL Froude Number based on Length
- =V » 1.689 / (32.174 = L)>~0.5
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FSSsS Canadian Fast Surface Ship Series
HSVA Hamburgishe Schiffbau-Versuchsanstalt
HSRB High-Speed Round Bilge Displacement Hull
1E Entrance Angle (degree)

L Length (£ft)

LCB Longitudinal Center of Buoyancy

LCF Longitudinal Center of Flotation

L/B Length-Beam Ratio

LR Length of Run (ft)

LwL Length of Design Waterline (ft)

F‘ Displacement-Length Ratio

= V / LWL"0.333

MCF Merit Curve Factor

N Number of Waves in the Ship Length
NPL National Physical Laboratory

Rf Frictional Resistance (lb)

Rr Residuary Reaiastance (lb)

RT Total Resistance (1lb)

S Wetted Surface Coefficient,

= W.S./(Diap = LWL)>"0.S

SFDV Small, Fast Displacement Vessel

SSPA Swedish State Shipbuilding Experimental Tank

TX Draft, to DWL, at Station of Maximum Sectional

Area (ft)

v Displaced Volume (cubic-ft)

V, VK Speed (knot) 2
N

W.C.F. Worm Curve Factor

wW.S. Wetted Surface (sg-ft)
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ion and support. Most of these surface naval combatante are deasign-
ed to operate at top apeeds that correapond to apeed length ratiosa
(V/L"0.5) up to about 3.0, and with seakeeping capabilities guffic-
ient to cope with the prevalent aea atate in the operating aresa.
However, the coat of modern warships has risen greatly aince the
late 1960’s, which prohibits the amall navies from exploring some

of the alternative hull forms, other than high-speed round bilge
diaplacement hulla, to fulfill their coastal defense policies.

This type of vessel demands less training, maintenance, and also
provides relatively low acquisition and operating cost. High-speed
round bilge displacement hullas (HSRB) poasess some distinctive
hydrodynamic characteristics, particularly in terms of resiastance
(up to aspeed-length ratio less than 3.3). The early stage design

of auch vesaela can be greatly enchanced by an accurate, rapid meana
for predicting ship powering performance, with regard to designse
performed by ‘'hand'" or carried out with the aid of aome type of
amall-ship deaign ayntheaia model.
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1.0 INTRODUCTION .-_:.-;.r':.
.‘\.F,-d‘c
- 7
One of the most significant recent naval trends has been the ® .
wideapread deployment of small surface combatants, such as amall N
frigatea, corvettes, and faat patrol boata. Their common miasaion —es
requirements are patrolling 200 nm Exclusive Economic Zones, coaat- SN
al defense, coaatal convoya and recently offahore platform protect- }ﬁ
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2.0 SURVEY OF HIGH SPEED ROUND BILGE DISPLACEMENT HULL FORMS

4'1

%)

‘.J.‘-‘\

This section is an endeavor to investigate the recent pract-
ice to define suitable dimenaionas and form parametera that yield a
minimum resistance while still satiafying the other essential
design features for such high apeed vessels as corvettea and faat
patrol boata. These types of aurface combatanta alwaya encount-
er the abaclute limit of maximum utilization of power on minimunm
weight, and with very resatricted internal volume available. On the
other hand, the riae of topaide weight due to increaaing asize of
slectronic gear and weapona has become a familiar design problenm
to naval architecta. Long, narrow hulls for advancing ship apeeda
seem impractical for future deasigns.

The principal factora which govern the deaign of such high
apeed vessels can be elaborated by using statistics for aome of the
existing deaigna. A aurvey of thia type of amall aurface combatant
with design Froude numbera above 0.6 waa conducted by the author.
Data on fifty-eight shipa was collected and conaidered to be appro-
priate to thia atudy. Among the fifty-eight ahipa, thirty-three of
them are faat patrol boata with diaplacement leaa than SO0 tona:
nineteen of them are of diaplacement between 500-1,200 tona, and are
considered aa corvettea. The reat of the ahipa are amall frigatea with
diasplacement between 1,200-1,800 tona. The hull form characteristicas
of theae fifty-eight asmall surface combatanta are divided into aix
basic categoriea. Of theae aix categoriea, L/B, B/T, CB, CP, CX, DL
and V/L~0.5 are indicated in Figurea 2.0-1 through -8. A& can be aeen,
these figurea showing one parameter plotted againat another, appear
to be reasonably free from any correlation. Some trenda can be
detected from displacement va. LWL, BX va. LWL, TX va. BX, L/B va.
v/L~0.5 and B/T va. V/L~0.S., Surprisingly, no trends can be found
from Figures 2.0-5 and -9, where diaplacement-length ratio (DL) and CB
are believed to be the moat influential paramaters for a given desaign
apeed. Some cther intereating featurea from Figures 2.0-7 and -8
indicate L/B decresses and B/T increaseas as deaign speed-length ratio
increasea. Theae trenda may reault from the required tranverae
atability rather than for hydrodynamic reaacna. All thease trenda
probably ariae from the fact that individual designa from different
aocurcesa do not form a random population, but each of them, in their
way, selected their own parametera to fulfill their top level require-
menta. However, the following equationa from regresaion analysea of
the fifty-eight hulls show aome of the lateat deaign trenda, and they
will be applied in Section 4 and Appendix A for further atudiea.

KTV o A A S S SSRGS GRS Ay

e
e

v

V = 34.9769 » (48.980661 - 2.166011 = LWL + 0.024188

s LWL"2) (2.0-1)
BX = 0.085 » LWL + 11.953 (2.0-2)
TX = 0.323 » BX - 1.38 (2.0-3)
2
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3.0 POWERING PREDICTIONS-APPLICATIONS OF HULL FORM SERIES fbf?:
AND REGRESSION ANALYSES Zainds

RN

One of the moat essential elements of the powering prediction :ﬁt;:

for early-stage design is the computation of bare hull resistance. :9;Q;
The major problem with computation of bare hull resistance for high- §¢qﬁ¢
speed round bilge displacement hulls is that the Taylor Standard Maka¥l
Series (14), the destroyer worm curve data developed by NAVSEA, and !ﬁc\.
several numerical forms from regression analyses based on the DTNSRDC H3£¢
and AEW destroyer hull form data (15), (3), are primarily applicable NN
to ship speed corresponding to speed-length ratios of about 0.6-1.8. h*u:j
Additional data must be utilized if accurate predictions are to be ;7:;3
made for speed-length ratios well beyond 2.0. Fortunately, several ?Af”
high apeed round bilge methodical aserieas auch aas FSSS, HSVA’C’ aer- AR
ies, SSPA-SFDV, Series 64 and some numerical forms from regression 'ﬂﬁkﬁ
analyses are available for this kind of study. This section will - :H
first describe the characteristics of these hull form series, then :”5%}
determine their validity and applicability by comparing their pre- ‘f\;q
ictions to experimental results. It is recognized that accurate AW
means for predicting the reasistance of the appendages as well as !;F_:
propulsive coefficienta (16) for theae typea of vessela must also be ﬁit;:
developed in the future. The characteriatics of some of the method- :\i?\
1cal series and regression methods are deacribed in more detail in r}Qy:
the following subsections. ::&}:
ohe

]
"1

.
o
.

3.1 CANADIAN-FAST SURFACE SHIP SERIES (FSSS)>: (4), (12) and
a3

In the 1970’s The Marine Dynamics and Ship Laboratory of the
National Research Council of Canada (NRC) conducted an extensive
seriea of model testa on faat surface shipa. The main objective
was to explore hull forms suitable for future warship deasign of
1,000-5,000 tonsa. Another design objective of this series was to
maintain “ship design speed in a seaway, even if some penelty in
calm water has to be involved". (4) The parent form of the series

L

ia derived from the St. Laurent (DDE 205) claaa frigate. Four baaic :k&x
hull form parametera, including B/T, CB, CW, and alenderneaa para- f3ji
meter (L*2/BT), were investigated. The firat group of 22 models was ‘ﬁj\
teated and bare hull reaistance was expanded to ship sizes of 125- NN
4,000 tona and lengtha of 175-400 ft. Later, eight models were added:; trwi
the B/T was extended to 5.2, which provided intermediate and high hﬁﬁ?—
values of L"2/BT. Resistance data is available throughout the speed ﬁﬁ?ﬁ
range FNL=0.2-1.0. Some interesting characteriatics of this series Soain
include: (a) the parent model waa developed from a conventional deat- aé&%
j::-lj::
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royer hull form and all models were tested to the upper limit of the ;{tz
preplaning range, (b) CX=0.784 for all models. The body plan and WCF RS
S

(V/L"0.5=0.6-1.5) of the parent model (Design No.6& Model 264) are
given in Figures 3.1-1 and -2. The range of model characteristicsa
is given in Table 3.0-1. The wetted surface of this series can be
estimated by the following equation.

¥

L

[N
44

30

" S A

W.S, = V*.666 » (3.197989 + 0.4035 = M + 0.065808 ﬁp}_
= L/B + 0.409014 = B/T - 4,811087 = CB + 1.691376 ;ﬁi&
s CW + 4,845561 » AT/AX - 0.03806 »* BT/BX) (3.1-1)» h. -

L 4
-

3.2 HSVA’C’ SERIES: (1)

In the 1960‘s Kracht and Grim experimented with a series of six-
teen models at the model basin of The Institut Fur Schiffbau der
Universitat Hamburg. This series was particularly designed for
ships operating at the slope (V/L"0.5=1.2-1.6) and over hump range
(V/L"0.5=1.6-2.4). Each of the models was tested at three differ-
ent loading conditiona. Resiatance data are presented as Rr/Diap
(kg/tonne) from FNL=0.10-0.82. All models are designed with
integrated skeg, knuckle from atem to midship and large water-
plane area (CW=0.77-0.87>. The body plan of the parent model

is given in Figure 3.2-1 and the range of model characteriatics is
in Table 3.0-1. The wetted aurface of this series can be est-
imated by equation (3.2-1).
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W.S. = V°(0.666> = (-0.018826 = L/B + 0.339615 = B/T
-~ 5.302388 = CP - 3.886859 = CX + 6.528535 = CW
~ 0.666906 = V/L"3 #1000 + 0.358538 » BT/BX
+ 9.115665) (3.2-1»

3.3 SSPA SMALL, FAST DISPLACEMENT VESSELS (SSPA-SFDV):(7:

A series of amall high speed displacement models suitable
for fasat naval vessela, auch ae faat patrol boats, and torpedo
boata, was developed by SSPA in the 1960’s. A total of nine
modela were built and the teat reaulta have been preasented in
non-dimenaional aas well as in dimensional form covering diapl-
menta from 100-400 cubic metera. Some resulta have been expanded
to a diaplacement of 800 cubic metera. The parent hull waa deriv-
ed from the 170-ton Plejad claas faat attack craft-torpedo. Two
Two baaic hull parametera (L/V*.333 and B/T) were inveatigated
Reajiastance teatas have been carried out up to FNL=1.3 (V/L"0.5=24.5
All nine models conaiast of conatant CB=0.40, CX=0.59, LCB and
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LCF = 4.15% and 9.09% aft midship, respectively. An additional \P'~
model of CB=0.45, CX=0.66 was also built and teasted. The results ;?ﬁ§
provide aome information with regard to greater carrying capacity zrvﬂ
veraua hydrodynamic performance. Reasiatance teata with apray

atripa and teats in waves were also conducted. The range of model
characteriatica can be found in Table 3.0-1. The parent model 1213-A
body plan is illuatrated in Figure 3.3-1. The wetted surface of the
series can be represented by the following equation:

W.S. = (V = LY*0.5 » 4 = (0.77 - 0.045 « B/T + 0.01
= (B/T)>~2) (3.3-1)
3.4 SERIES 64: (2

In 1959 DTMB under its Fundamental Hydrodynamics Research
Program, initiated a series of satudies on high apeed, low wave
reasiatance hull forma. A total of 27 models were built, and three
basic parameters, B/T, DL, and CB, were investigated. Thia sgeries
embraces a range of very fine half entrance anglea from 3.7 deg to
7.8 deg and low displacement-length ratios accompanied with low CB.
The total range of displacement-length ratio is from 15 to 55 with
the amalleat values applicable to the loweat CB (0.35 < CB < 0.55).
This hull form series alao haas the largeat alenderneas ratios (L/B)
compared to the other methodical aseries. The common characteristics
of Seriea 64 are aa followsas: The sectional area curvea A/AX, desaign
waterlines B/BX and centerline profile T/TX are kept the same for
all modela. Therefore, conatant CP, LCB and LCF are alao applied to
all models. The forebody of this series haa a atraight aectional area
curve and full waterline curve. The aftbody, on the other hand,
consiats of a fairly hollow (or 'S") gsectional area curve. Maximum
asectional area and waterline occur at atation 12 and 14, reapectively.
Thia series alao haa a broad flat transom BT/BX=0.8 and deep immersed
area AT/AX=0.40 aasociated with atraight buttock linea. Resiatance for
V/L~0.5=1.0- 5.0 wae reduced to Rr/Diaplacement (lba/tons) and Cr.

The ATTC (Schoenherr line) is recommended for calculating frictional

resistance. The body plan is shown on Figure 3.4-1 and the range of AOAS
hull form characteristics is given in Table 3.0-1 The wetted asurface e
of this series can be estimated from equation 3.4-1. Qﬁf;
W.S. = (V/34.9769 » LWL)>~0.5 = (38.7635 -7.248125 = B/T O
+ 1.2780625 = (B/T>*2 ~ S91.13 = CB + 26.425 = B/T ..

*» CB - 4.105 » (B/T)*2 = CB + 91.1 = CB"2 - 26.775 L2

= B/T = CB "2 + 3,875 = (B/T)"2 = CB~2) (3.4-1) O
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3.5 Mercier & Savitsky Numerical Method: (17) R
N
AR
In 1973 Mercier and Savitsky conducted a regression analysais f‘“ﬁ
% of amooth water resistance data for seven transom atern series Y,
j. which included 118 models. With the exception of 17 models from }ﬁwp
N Series 62, all of them are round bilge displacement hulla. The {hjﬁ
js investigation included 23 modela from NPL (9), 9 models from Nord- }ﬁu}
u: atrom (29), 12 modela from DeGoat (19), 9 modela from SSPA (7)), 27 ﬁ\ﬂq
- modela from Series 64 (2), 21 Modela from Seriea 63 (20), and 17 i“‘ﬂ
modela from Series 62. Through the satudy, Mercier and Savitaky qu;
attempted to predict the resiatance of transom stern hulls in the A
non-planing range--specifically for FNV less than 2.0. Because the
majority of data were derived from round bilge hull forms, the re-
aults of the study can be used to predict the resistance of diep-
lacement hulls (6). Four parametera (length-diasplacement ratio
x L/9~0.333, beam loading coefficient CA , entrance angle IE, and
%i transom area) wvere considered. Total resistance and the valuea of
:ﬁ the regresaion coefficiente for a diaplacement of 100,000 lba for
xj the range of FNV from 1.0 to 2.0 can be found in reference (17).
:: To use the Mercier and Savitsky equations, it ia important to uae
o«

hull form parameters within the range of values of the independent

. variablea in the date base. The range of applicability can be Ufé
<. found from Table 4 and Figure 11 in referaence (17). The wetted g;x\
Z' aurface for tranasom-satern ahipa cen be eatimated from equation ;:5’:
;' (3.5-1) which waa derived from the pravious methodical series. :\ y
) ‘.\ A :
W.S. = V*0.666 » (L/V~0.333)"0.5 = (1 +» 0.046 = B/T {Eﬁj
- + 0.00287 = (B/T)*2) = 2.262 (3.5-1 o
\d ::.
:j The difference between measured and calculated resistance was less "
~ than 10x for 90x of the cases, and within +/- 9% for 95 X of the
3 caaea for wetted surface.

- 3.6 TANG ROUND BILGE DISPLACEMENT HULL (RBDH) NUMERICAL METHOD:
= 3)

In 1978 2.K. Tang from Shanghai Ship D&R Institute attempted

i to improve the reaiastance eatimation of round bilge diaplacement
:{ hulla baaed on regresaion analyaea, which firat succeeded in ref-
"o erence (17). Residuary reaistance coefficienta of 87 round bottom
N type modela have been analyzed by a regreaaion method to derive a -
< correlation equation. The 87 models embraced moat of Mercier and q:;!
o] Savitaky’s parent data, but Seriea 62 (hard chine), Seriea 64, and ;x}gn
~ SSPA-SFDV were excluded. Meanwhile, 43 Chinese built round bilge 4ﬁw$ﬂ
2 displacement hulls were added. Five basic parameters were considered AN
: in the regression analysia. The range of parametera can be found in ::fzs
L.,
~ NN
= N
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Table 3.0-1. Residuary resistance coefficient Cr at eight differ-
ent FNL between 0.4 and 1.0 can be determined based on the 53
regreasaion coefficienta. The coefficienta can be found from Table 2
reference (5). Wetted surface for RBDH was also inveatigated baaed
on 122 Chinese built round bottom craft.

W.S. = (V = L)*0.5 » (6.6912 -6.674188 = (B/T)>"0.5S
*» CP*0.5 + 2.8909 = B/T = CP - 0.1153977 = CB
* (B/T)>*2.5 » CP*2.5 - 0.1590808 =» CB) (3.6-1)

This equation is suitable for CB=0.36-0.58 and (B/T#*CP)~0.,5=1.3-
2.2. The difference between the maasured and the calculated Cr and
wetted surface ia less than 8.25x% for 90X of the cases and 2.84x
for 95% of the cases respectively. The difference for total resiat-
ance based on the 1957 ITTC friction formulation plua a CA=0.0004

is leaa than 5.77x for 90X of the cases.

3.7 NPL HIGH SPEED ROUND BILGE DISPLACEMENT HULL SERIES
(NPL-HSRB>: (9>, (10)

In 1969 NPL developed a series of high-aspeed displacement hulls,
which was deaigned to operate at FNLa between 0.3 and 1.19. The
characteriatica of thia seriea are fine atraight linea forward,

deep transom immerson (AT/AX= 40%), aftbodiea with a round bilge
aection, atraight buttock lines and amooth steady riase aft. In
1976, the L/B range of thia seriea was extended froma (3.33-6.25) to
(3.33-7.5). The modela of this seriea are arranged in five groupsa,
each group containing modelas of constant L/B. A total of 32 models
were teated. The hull form parametera of thia aeriea asuch aa CP,
CX, and AT/AX are very aimilar to SSPA-SFDV, except that the hull
aectiona (bow and atern) of thias aeriea are more "V" than SSPA-SFDV.
Regrettably, up to this moment the author is atill in the proceaa of

digitizing thia aseriea. No computer program from the author for thia

aeriea ia available; therefore the author decided not to evaluate
this aeriea in the next aection. However, he compared thia aeriea
with SSPA-SFDV in 1983--uasing a 260-ft corvette aa a aample ahip.
The bare hull PE(NPL)/PE(SSPA) ratio of the ahip ia preasented in
Figure 3,.,7-2. NPL-HSRB aeema to give much higher reaiatance at low
apeeda and 4-5% higher reasiastance at high apeeda in thias aample

calculation. Thia reault cannot be explained for the preaent moment;

nevertheleasa, the author’a conjecture ia that it may be due to more

V" sahaped sections, larger transom areaa (0.52 veraus 0.42) or diff-

arent tank teat techniques employed by theae two model baainsa.
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3.8 VALIDATION AND APPLICATION OF METHODICAL SERIES AND
REGRESSION ANALYSES FOR POWERING PREDICTIONS

Several povering prediction methods, including methodical
series, graphical predictions, and numerical forms from regress-
j ion analyses, are available for high-speed round bilge vessels.
i However, caution should be exercised in the use of aeries data
\,

-
’l
f
p
’
i
d
or regression methods. Users have to avoid hulls with form para-
neters that are not within the limits of the data base. Other-

" wise, considerable inaccuracy may occur. This section presenta

. the validation of the hull form series and regression methods, which

. were covered in Sectionas 3.1 to 3.6. Comparisons of each of the
3
3

)
.
1
,
]
]
1
]
]

preacribed methoda to three seta of experimental reasulte are presented
t in Tables 3.8-1,-2,-3, and Figures 3.8-1,-2,-3. The experimental
results are represented by a 300-ft amall frigate, a 230-ft corve-
tte, and a 154-ft faast patrol craft. The results derived from
methodical seriea and regrassion analyses were computed by aseveral
computer progrars (28), daeveloped by the author. The programs
have not yet been validated by other researchers, but the outputa
ahould be acceptable for the analyses in thia paper. The differ-
ence between the calculated and experimental reaults showa how far
one can extrapolate beyond the limit of the data baae before incurr-
ing significant error. Before further assesament can be made, one
may conaider the difference in technique, which involvea the aize
of the models as well aa the frictional formulations adopted by
the model basins. The author has no intent to dwell on thia topic,
but he did make adjustment to compensate for the difference batween
the ITTC formulation and whatever friction line had been in use at
the time the aeries or model teat data were published. The stand-
b ardized frictional formulation in thia paper ia the 1957 ITTC
formulstion plua a model-ahip correlation factor (CA) of 0.0004.

LN

BRI "\'J

The small frigate is a conventional destroyer hull fornm, 9 ?j

with moderate displacement-length ratio, and CW, and a broad ﬂ?&{gg\
transom with AT/AX=10Xx ismersion. The hull form parametera are aeﬁ{}ﬂ
within the limit of FSSS (except for a alightly alack midahip and iﬁ;iﬁ"
deeper transom) and HSVA’C’ Series. The major conflict between {f}ﬁ{v}
thia hull and Series 64 and SSPA-SFDV ia that these two methodical .lﬁflf'

series consi .t of 40Xx transom area ratio. It ie not surprising

to aee FSST and HSVA’C’ aseriea with good correlation with the model
testa. The much higher resistance predicted by Seriea 64 and SSPA-
SFDV ia likely due to their large tranaom areasa, eapecially at

the lower speed range. The lower resistance at low FNL predicted
by FSSS also can be explained by the 6-7% AT/AX vsa. 10X from the
frigaete. The two regression methods were originally derived from
models asignificantly different from conventional deatroyer foras.
Poor correlationa are expected.

The 230-ft corvette with a very fine CP may not be the optimum
CP for the design apeed. This hull alsoc has a relatively amall CW
for thias type of vessel and a moderate 9% transom area. The 6-7%
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higher resistance predicted by FSSS may reasult from the much lower
CB=0.426 of the 230-ft corvette, compared to the miminum CB=0.48
from FSSS. It can be explained why high speed vesaels which have
the same CP, amaller CB, are alwayea desirable (result from smaller
CX). On the other hand, HSVA’C’ series consistently ahowe 4-5%
lower predicted EHP than the model, especially at FNL=0.35-0.55.
This can be explained by the benefical effect of large waterplane
area ships at high speeds (the smallest CW of HSVA’C’ series {is
0.77 versus 0.711 for the corvette). Naval architecta should also
be aware that this series was designed for ships operating in the
over hump regime. Again, Series 64 and SSPA-SFDV show fairly large
discrepancies from the experimental results. However, the absolute
values of the errors are less than the discrepancies for the small
frigate. One should be aware that the low resistance predictions
from SSPA-SFDV and Mercier’s regression method (17) are due to the
fact that SSPA-SFDV is based on a much larger (CP=0.69) than that
for the 230-ft corvette (CP=0.576). The Mercier’s regression method
(17) was also derived from a combination of hull form series with
large CP (such as SSPA and NPL series). It seems that CP still
affects the resistance characteristica at high speed to a certain
extent. A further explanation will be diascusased in Section 4.2, in
which Tang’s regression method gives a fairly good correlation.

The 154-ft Fast Patrol Boat PGM-C bests represent cont-
emporary vessels of thias type having asmall CB, large B/T=4.,38,
broad transom (BT/BX=0.833), and deep transom immerson (AT/AX=0.40).
From the comparison between FSSS and the experimental results, the
significant advantage of amall CB and large transom immeraion
at high speeds and penalty at low speeda is well illuatrated.

The larger AT/AX and amaller CX also let PGM-C gain certain
advantages from HSVA’C’ Series (the largeat AT/AX of HSVA’C’
Seriea ia 0.298) at FNL>0.S. The asimilar tranaom immeraion of
SSPA-SFDV and Seriea 64 give theae two aerieas fairly good correl-
ation with the model teat data. Serieas 64 atill shows much higher
resiastance than the experimental resultas at FNL<O.50. Thisa may
reasult from the linear extrapolation from the aerieas itaelf, or
perhaps this seriea is only good for high apeeds. Thia time
Mercier’a regresaion method (17) givea very good correlation with
the model test data from FNL= 0.45-0.70, but surpriasingly poor
correlation with Tang’s regression method. The good correlation
with Mercier’s regression method can be explained by PGM-C hull
form parametera which are within the limit of parent data. The
poor correlation with Tang’s regresasion method is not apparent
but may be explained by the inastability from regressaion.
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4.0 HULL FORM DESIGN OF HIGH-SPEED ROUND BILGE DISPLACEMENT
HULLS

The range of principal dimensions and hull fora parameters
for various high-speed round bilge displacement hulls are liated
in Table 2.0-1. The general characteriatica of thease type of ships
are as follows: broad transom, relatively large transom area, small
CB, moderate to high CP, alack midahip asection, large deadriae, and
astraight center buttock line. Before further diacuaasion of their
hull form deaign, it is neceassary to.take a proper perapective on
smooth water hydrodynamic phenomena. The total wave reasistance is
compoaed of the forebody (bow) divergent waves and the bow and atern
tranverse wave systema. The primary cause of the bow wave syatem is
the wave creat produced by the preaasure peak at the bow: whereaa the
stern wave system is mainly caused by the pressure dip and hollow
formed at the ashoulder or the beginning of the run. The interference
of the bow and stern wave aystems will affect the magnitude of the
stern wave aystem. At low speeds the divergent wave dominates the
wave pattern; however, at high speeda the tranverae wave becomea
more notable and primarily responaible for the variation of wave-
making resiatance. The wave energy ias proportional to wave length.
The number of wavea in the ahip length ia expreasaed by the equation:

N = 1.795 (V/L"0.5)"2 (4.0-1)

Wave resistance increasee as the number of waves in the ship

length decreasea. This fact remaina true until V/L~0.5 > 2.0.

The firat hump of the wave resistance curves of FSSS and HSVA‘C’
seriea is in the neighborhood of V/L~0.5=0.9-1.0. From equation
4.0-1, we know at V/L~0.5 < 1.0, the ahip ia riding on two or more
waveas. Minimum change of trim at this apeed range ia expected.

When apeed gradually increases to V/L*0.5=1.35 (N = 1.0), the bow

of the ahip will atart to rise becauase the creat of the second wave
will form beyond the atern. When ship speed reachea the neighbor-
hood of V/L~0.5=1.5 (N=0.8), the change of trim will increase rapidly
aince only the wave creat at the bow ia aupporting the ahip. Event-
ually the increase of wave-making in thia apeed range (V/L~0.5=1.3-
1.5) will be extraordinarily large. At V/L*0.5=1.5-1.6 the asinkage
of the hull will reach ita maximum. The cauae of the rapid bow riae
in this apeed range ia the formation of a high and narrow divergent
wave (thin sheet of water) at each aide of the bow. When apeed
increases to V/L*0.5 > 2.0, the divergent wave from the bow will
continue to grow in aize. But the tranverse wave will tend to ceaae .
its growth as apeed increasea. Alac the hollow of the bow tranverae " .
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waves will form farther and farther away from the atern so that no ;ﬂi;ﬁi;
interference in or amplification of the atern wavea from the bow jﬁ}ﬁﬂhf
waves is expected. Beyond thia speed range, the alope of Rr/Diap -§;¢5Q}
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: will astart to decline then flatten. The adventages of high-speed ?;ﬁ{.
X round bilge displacement hulls begin to cease at V/L"0.5=3.3. Beyond 2{*?
: thias speed, the thin divergent bow wave will become a sheet of apray. qui:
It causes not only severe spray drag but deck wetnesa also. The »
I significant portion of total resistance then will shift from resid- e
! uary to frictional and spray resistance. :¢\§E'
. AR
N The principal dimensions and hull form parameters which affect ;:ﬁaii
: the resistance characteristics of thias type of vessel, based on the .ﬁﬁpﬁq
i afore-mentioned hull form series and regression analyses do not reveal £nlatier]
. the same conclusions. This might be due to the limited number of g&xw‘
- models tested for each of the series, which constrains the available ?:&ﬁt
- hull form parameters. Table 4.0-1 lists all the parameters that are ASASEN
i conaidered aignificant by the originators of the hull form seriea in }iﬁy
2 reasistance predictions. Not all these series were designed to operate \?{h?‘
' at the same speed-length ratio--that is alaso another factor in the Tt
i selection of significant hull form parametera. The results from ’V'J?
; Section 3.7 indicate HSVA’C’ series predictions provide the besat r}ﬁﬁx-
overall correlation with model test results with regard to ship size R
and length. The following sectiona will diascuas the relative impor- MY
tance of hull parameters using this series and several resiatance 2;“}¢
prediction computer codes developed from the other hull form aeries PR
by the author (28). o

4.1 DISPLACEMENT-LENGTH RATIO (DISP/(0.01L)"3)

This is the most influential factor for high-speed round bilge
diaplacement hulla. Wave-making resistance ia directly proport-
ional to the displacement-length ratio. Figures 4.1-1 and -2 show
the Rr/Disp and Rr comparisona of a aeriea of 200-ft corvettesa
with various displacement-length ratios. The sharp increment of
Rr from FNL=0.35-0.50 was explained in detajil in Section 4.0.
Significant advantages gained by increasing ship length for ships
operating at FNL < 0.55 are obvioue. It decreases not only the
displacement-length ratio but also the Froude number, both of which
help decreaseas the Rr/Diap significantly. However, when ships are
reguired to operate at FNL > 0.55, the slope of Rr/Disp shown in
Figure 4.1-1 starts to decline. For a given deaign aspeed the
benefit from increaseing ship length for lower FNL in order to
obtain lower Rr/Disp is diminished, especially when FNL > 0.8, as
40-350% of the total resistance will become frictional. Solely
increaseaing ship length at this high apeed range will reault in
not only greater hull weight but wetted surface as well.

*L. "l 2 2 ¢t a2 A A AEES .. . CaTeTe T . o 44 8,

4.2 PRISMATIC COEFFICIENT (CP)
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Prismatic coefficient is one of the most important parameters
which affect the resistance characteristics of conventional ships.
Thia parameter for high-speed round bilge diasplacement hulls cannot
be discussed without paying attention to the other parameters such
as AT/AX, CB, LCB, and asectional area shapes. In the paat, several
hydrodynamicists have investigated thias issue up to speed-length
ratio of 1.5. Moat of their atudiea included ships with cruiser
sterns or small transom immersion. However, for high-speed round
bilge displacement hulla, large At/AX=10-40X seems to be a very
common practice. Appropriate CP should be selected tc combine with
a large transom area to avoid negative pressures generated at the
keel rise. Figure 4.2-1 shows the effect on Rr of variations in CP
from the atudy of a seriea of 200-ft corvettea based on referencea
(1) and (28). The penalty of a high CP at FNL < 0.45 ia obvious.
Although from FNL 0.5 to 0.8 the difference of Rr between the baae-
line ship (CP=0.64) and the alternate hulls (CP=0.62, 0.68) is less
than 2%, one should not overlook these relative figures. The author
suggests that appropriate selection of CP should be considered in
conjunction with the speed-time profile and absolute saving in
horsepower. The rationale from reference (22) can be used as a
guideline for this tradeoff. For example, the significant eavings
of Rr for CP=0.62 compared to CP=0.68 at FNL=0.3 is more than 20%;
yet the net asavings in terma of horsesepower ia leas than 77 EHP. On
the other hand, the saving of Rr for CP=0.68 verses CP=0.62 at FNL-=
0.80 is less than 2%; yet the net saving in horsepcwer is as high as
232 EHP. Fuel saving for a hull with a high CP based on higher design
speede can still be achieved. CP leass than 0.6 or larger than 0.693
seems unlikely to achieve a balanced design for high-speed round
bilge displacement hull form naval ships. Equation (4.2-1) is the
author’s suggestion for CP selection versus Froude numbers. This
relationghip is based on a simple regression of data from reference
(5) and data from some contemporary high-speed round bilge displace-
ment vessels. The predicted CP from this equation does not nec-
essarily result in least resistance.

RNt T e T T NS P NS ST EER ST S LEERTLAA

PEERE A LN YT Ne »

CP = 0.56867 + 0.15380 = FNL - 0.07006 =» FNL"2
(0.2 < FNL < 1.0 (4.2-1

: 4.3 BLOCK COEFFICIENT (CB) AND MAXIMUM SECTION COEFFICIENT (CX»

Fuller hulls (high CB) usually give higher residuary resist-
] ance at all speeds for conventional hulls. This is also applicable
' to high-speed round bilge displacement hulls. CB larger than 0.S50
E ig unlikely for contemporary high-speed displacement naval vessels.
' However, this factor CB should not be analyzed without considering
: CP and C¥X. At high speeds, misleading guidelines can be found in
' SSPA-SFDV and Series 64--if the magnitude of Cr is the only concern.
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Cr usually decreases with decreasing CB. However, this may lead to
higher CT due to the higher wetted surface for ships with smaller
CB. For a given CB, amaller CX or AX"0.5/LR is more desirable at
high aspeeds since C, is increasing twice as fast as the ratio of
AX*0.5/LR. However, this factor is leaa influential at the lower
speed range. Small CX helpa render the flow through the run
atraight and amooth due to amaller keel riae.

4.4 BEAM-DRAFT RATIO (B/T)

The effect of B/T, generally speaking, is less than the displace-
ment-length ratios or CP, particulary at FNL < 0.45. Different meth-
odical aseriea also give different conclusions in their investigat-
iona of B/T. The NPL Series is the only series that does not consider
B/T a aignificant factor in the resistance predictions. The effect
of B/T from the study (Figure 4.4-1) of a seriea of 200-ft corvettes
indicates that at FNL < 0.4 the difference of Rr for B/T=3.0 and 4.2
compared to the baseline ship (B/T=3.63) is less than 5%. The
difference is almost diminished to zero from FNL=0.4-0.6. Then 2-3x%
variations are expected at the higher speed range. The degradation
in performance at high speeds of increased B/T should not be over-
looked. For example the Cr of SSPA-SFDV starts to rise at FNL > 0.8S.
Thia ia becauase only calm water wetted aurface waa conaidered, while
additional wetted asurface caused by sapray was not taken into cons-
ideration. Spray drag, a coherent relation with B/T, cannot be
dismisased. The beam-draft ratio ahould be conaidered more in the
aapect of atability than resiatance. Thia alao explaine the tend-
ency of slight increases of B/T versus FNL in Figure 2.0-8. (For a
given design apeed, larger B/T ia preferable due to the relatively
heavy top weight so common in shorter and smaller ships.)

4.5 LENGTH-BEAM RATIO (L/B) AND HALF ENTRANCE ANGLE (1/2 IE»

Among all the high-speed methodical series, NPL is the only
series that considers L/B as one of the more important parametersa
for powering predictiona. (For given diasplacement-length ratio and
CB, it is almost imposasible to alter L/B without affecting B/T.)»
Most of the high-speed methodical series including the recent atud-
ies (24) for shipa with much lower aspeed-length ratio=1.3 also fail-
ed to define the precise relations between residuary resistance and
L/B. L/B affecta the other hull form parameters such as IE rather
than reaistance characteristica. For example, the IE of the alender
Series 64 rangea from 3.7-7.8 degrees compared to 9.5-14.4 degrees
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from the shorter SSPA-SFDV. However, the smaller IE from Series 64
does not show any significant advantages compared to SSPA-SFDV for
the entire aspeed range. Reference (23) conducted a seriea of teats
with two slender high-aspeed destroyer modela. The conclusion was
that the increasse of is approximately 1x for each 2-deg. in-
crement of IE from 9.3 dagrees to 13.6 degreea. The advantage of
emall IE is believed to be less aignificant at higher speeds. The
selection of IE should consider its individual relations to CP and
CW. On the other hand, aa apeed goes up, the crest of the bow wave
aystem tenda to move farther and farther away from the FP. The
amoothneaa of the forebody other than IE should be conaidered, e.g.,
a fine entrance angle with large CP or CW may reault in a ahoulder

o F et
‘I“'I"

.
.

AP [

aa®
v A
YN

Y

b
-
.
la'
‘_l
-
~ -

on the deaign waterline, producing adverse effecta on resistance. j
pl ‘:
&
°
4.6 SECTIONAL AREA CURVE (A/AX) AND LONGITUDINAL CENTER OF BUOY-
ANCY (LCB)

The effect of sectional area curve and LCB on resistance cannot
be discussed individually without conasidering their interaction.
The effect on reaistance from these two parameters ia very difficult
to quantify. However, certain guidelines can be found from (5) and
(10)>. For given CP and transom immeraion, the longitudinal diatrib-
ution of the aectional area curve ia very important to itas resistance
characteriatica. Hollow forebody sectional area curve should be avoid-
ed due to the bow wave syatems, which tend to move farther aft at
the higher aspeeds with the development of a shoulder wave. The ata-
tion of maxium area should be at astation eleven or even farther aft,
ita location mainly dependent on deaign apeeda. Thia providea the
ahip with a longer entrance and easea flow through the midahip to
the run. It ia just as important to allow amooth and eaay flow along
the run. A atraight aftbody aectional area curve ia alwaya deairable.
Hooked buttocka and "flattening-off" aectionasl area at the AP poa-
tulated in reference (5) may improve running trim at high apeed and
depreaa wave-making at the AP. However, thia kind of deaign may result
in a convex aection-area curve at atation 13-15. Exceasive convex
surface may generate negative presaure and flow problems. The shape
of the sectional area curve ia heavily governed by the LCB. NPL ia the
only methodical aeriea that analyzea on the effect of LCB on reaiat-
ance. The LCB of the NPL parent hull ia 6.4% aft atation 10. From
reference (10), the effect of LCB ia leas aignificant on slender hulla
(large L/B and low diaplacement-length ratio). The LCB alao ahould be
located farther aft for higher speed shipa. But it does not aeem
preferable to have LCB located more than 5-6% aft midahip for FNL=1.0.
For ahipe with lower FNL=0.5-0.8, 3-5X ia acccepteble. Equation
(4.6-1) aheda some light on how to aselect LCB in terma of apeed. Thia
relationahip 1a baaed on a aimple regreaasion of data from reference (S5)
and data from aome contemporary high-speed round bilge displacement
veassela. The LCB location predicted from this equation does not
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necessarily result in least resistance.

LCB (aft midship %) = -2.2189 + 12,3505 » FNL - 5.4048 = FNL"2
(0.4 < FNL ¢ 1.0 (4.6-1)
4.7 TRANSCM AREA RATIO (AT/AX)

The function of transom sterns is to generate a low presgsure
region just aft of the AP. The hollow of the stern wave (tranverse)
system usually commences slightly before the transom. Obviously,
its exact location varies with speed. The effect of the tranaom
atern on the hollow of the s2tern wave ayatem 1is very aimllar to
the effect of a bulbous bow on the bow wave aystem. Only a few
ayatematic tests on transom aterna are avalilable (26). Most of
them are applicable to speed-length ratios less than 2.0. Nine
modela were teated as reported in reference (26), deaign guidelinea
were developed for V/L"0.5=1.34-2.0. Transom area and buttock
configuration were the two parameters considered. At low speed the
resistance decreased conasiderably as the size of the transomsa were
decreaaed. But convereely, aa the apeed increased, the optimum
tranaom area alao ircreased. An 8-10% AT/AX seema to be the optimum
value for V/L"0.5=1.4 to 1.7, but 20-40X%X tranaom area ratio 1a more
desirable for V/L~0.5 > 3.0. One ahould be aware that the parent
model from (26) waa a Farragut Class destroyer (DD 348), with
BT/BX=0.56. Care should exercised when theae kinde of deasign charts
are used. For example, one musat try to avoid a broad transom with
zero or very amall tranaom area (or vice versa) at high apeed. The
significant advantage from broad and large tranaom ia documented in
reference (27) based on a series of four models teated at apeed-
length ratios larger than 3.0. More than 7% savinga in EHP was
achieved by the model with AT/AX=0.22, compared to the model with
zero tranaom immerasion. Reference (26> alaso suggested that buttock
lines immediately forward of the transom should be hollow (which
waa explained in the previoua section) when the design requirements
emphaasize high speeds. In egquation (4.7-1) the recommended AT/AX
va, FNL ia preaented. The predicted AT/AX from thia equation ia
based on a simple regreassion of data from reference (5) and some
data from contemporary high-apeed round bilge diaplacement veasels.
The predicted value does not neceassarily reault in leaat reaiatance.

AT/AX = -0.08573 + 0,396727 = FNL + 0.10606 = FNL"2
(0.4 < FNL < 1.0 (4.7-1)
4.8 WATERPLANE AREA COEFFICIENT <(CW)
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Among all the hull form series and numerical formulas from reg-
reasion analyasea, FSSS ia the only hull form aeriea that conaidered
CW sn important parameter for powering predictiona. In the pasat,
naval architects have always tried to minimize the wetted asurface.
One of their means of achieving this is to reduce the waterplane
area. They had positive results in slow speed situationas; the asame
wag not true for FNV > 1.0. A aimilar phenomenon for shipa designed
for speed-length ratios much below 1.3 (i.e., poor WCF usually can
be found on large waterplane area ahips at low aspeeda) was alsao
found from reference (24). The magnitude of thia effect usually ia
greater in shipa with higher displacement-length ratio. Thia rela-
tion is well illustrated in Appendix B, Figure B.1.
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5.0 CONCLUSIONS

One of the main objectives of thie paper is to aassess existing
resistance prediction tools for high-speed round bilge displacement
vesgels. Several standard series and numerical formulas from regres-
sion analyses (Sections 3.1-3.7) are available for this investiga-
tion. Both the hull form series and the regression analyses are
applicable to FNL=0,.3-1.0. However, the design speed range of these
hull form series is not exactly the same. Because the significant
parametric features for high-speed round bilge displacement hulls
are determined by their required operating speeds, none of the exist-
ing series or regression analysis method is applicable to different
designs at all speeds. When using hull form series or regression
analyses for resistance predictions, hull form parameters have to be
within the range of the datahase, because accurate results can only
be expected within the strict confines of the boundary conditions.

On the other hand, the distinct wave-making phenomena at different
speed ranges will also dictate the selection of hull form parameters.
Proper selection of hull form series or regression analyses for
resistance predictions based on ship size and operating speeds are
just as important as the afore-mentioned requirement. Unfortunately,
there is no exact speed boundary as guideline for hull form series
selection. The following suggestions may shed some light in this
aspect:

o For ships operating at FNL=0.4-0.5, CP is one of the most import-
ant parameters, but its influence becomes negligible when FNL is
greater than 0.45, As given in Figure 4.2-1, CP=0.62 seems prefer-
able at this speed range. On the other hand, the importance of
displacement-length ratio tenda to increase as speed increases.

The other parameters such as CX, B/T, and AT/AX remain as secondary
with little or no significant effect on resistance. Conventional
destroyer type surface combatants including some of the moderate-
speed frigates are generally designed to operate in this speed
range. As presented in Section 3.8 and Figure 3.8-1, FSSS and
HSVA’C’ Series seem to be the best candidates for these types of
ships.

o For ships required to operate at FNL=0.5-0.7, diasplacement-length
ratio becomes the most sensitive parameter, but the overall design
objective should not be overlooked (per Section 4.0). At the upper
end of this speed range for a given displacement, increasing ship
length does not provide the beneficial interference effect from
the bow and stern wave systems. The main design objective in this
speed range should reduce the bow wave amplitude. Slender hull
form series (such as Series 64) seems to be preferable at this
speed range. However, the poor resistance characteristics (Figures
3.8-1 to -3) at low speeds and some other unsatisfactory features
such as space, volume and srrangement may render this series
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sj almost impractical in contemporary warship design. At this
:¢ apeed range, HSVA’C’ Series atill provides the beat reaistance

5

characteriatics up to FNL=0.55; beyond thia, SSPA-SFDV becomes
more preferable.

‘R

._
“

o The hull becomes asemi-planing when FNL is greater than 0.7. Res -
iduary resistance still remains as a major component of the total
reaiatance, but wetted surface and frictional resistance atart to
become significant. Displacement-length ratio is still the most
influential factor in terme of resiatance, but dynamic stability
becomes a more and more important factor. This also explaina why
the smaller and faster high-apeed diaplacement hulla (Faat Patrol
Boat) tend to increase their diaplacement-length ratio and B/T
compared to the longer and alower hulla (corvettea and small
frigates)., High CP and small CX are preferable at this apeed
range FNL=0.7-1.0, because these features provide a iong and
straight run. For ships less than 5S00-tons, SSPA-SFDV and NPL-
HSRB aeem to be the best design tv sla.

TR WAL

v,
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o The author decided not to dwell on the topic of resistance predict-
ion based on regresaion analyaea, because of his limited under-
atanding of statistical analysis. The only comment he would like
to make 1a that to obtain improved hull form deaign through the

& e A e

: application of regression analysis is an extremely dangerous
§~ technique. Resistance prediction equations from regression analy-
ﬁ: ses generally can fit the original data within a couple of per-

cent, but the accuracy normally expected from surface ahip EHP
model teats also fall 1nto the same order of magitude (+/- 1.5%).
The same degree of prediction accuracy may not apply to the pro- L
posed deaigna, eapecially when the parent data are from various
sources (model LbLasin),. Reasiatance predictiona based on regression
analysis can be stiil considered as a tool for early stage design. n;f
One should not abandon this technique for reasistance predictionsa :&(
because of a lack of proper appreciation of thias technique or a N
iack of confidence in 1ta reaults without having a real compre-
henaion of atatiatica. Table 5.0-1 ia the author’a suggeation
for hull form gseries and regression analyais--resiatance predict-
1on method aelection based on ship aize and operating apeeda.

20 ) MY

b
5
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Today’s high-speed round bilge displacement hull has asserted
1tself as an excellent high performance vesasel for naval applications.
Yet the exiating resistance prediction methoda are not sufficient for
the early astage design for thia type of vesael. Thia does not imply
the i1nadequacy of data but rather the significance of the hull form
parametere poatulated by aome of the hull form series and statiatical
analysea. The author haa already atarted to reanalyze the data of
FSSS and HSVA’C’ Seriea. Resasiduary resiatance curves based on theae
two seriea are currently under regreasion analysia and fairing.

Design charts plus residuary resistance correction factors due to
tranaom i1mmeraion aimiliar to Appendix B will be applicable to V/ L=
1.0-2.8, CP=0.60-0.66, B/T=3.0-4.2, CW=0.,72-0.82 ,and AT/AX=0.06-0.40.

The author hopes to stimulate further discussions and design

18

e et e . T e e e, e T T
-t . et R e e T T T T e T e TN T e e e LIPORIRLT T I -
I N S L A P A T M IR G IUE I T S LTI Gl S e N g P DS

.. DR




rEC T Y

.-. 2L LI P I 1\\\-‘.,% YT YNYYY Y >y > 4..&..&..-

XN LA SR A RO OO W

. An--n -0- .n< -*\f\'\ .-\..- -.. .'\nt\h-\ \-.\-l\h- ; Ry \- LRy \-\ s- i, \. .-. S ...-.sq\”

SRR RN * IEEXAKAX R A PN R R A~ AR
b
N
v
v.
4

v
c
' w
g 2
h
y )]
. @
3 9
v. w
- m
N o
3 -
: y-]
) c
g o
’ 0
P gt m
b, -
P +
; 9
v 3
. 0
S
W 3
‘ om
ﬂA [o]
v, n
v )
: :
v, a
_v. c
v, -
i ~t
o >3
4] - O
’ 5
A - E
r 30
y v E
]
m & U
» O
: 5%
] )
. E
2 Yoo
A
L oo
" w ~
[N W -
L [ o]
N
¢
f;
v
v
4
L
ﬂ., o h 3 . h .'-l d p t\ﬂ. ’ / vll.J- * -b\-n- -\v P \Jﬂai:.- d-l\., ¥ :-\)!-J\ ﬂ- -\- -4. .\-.. p -J-Ji\‘\i\i n\l\ s . -- ~.~ o-- -o .\-- Oy A-.A-~ . 1‘ I..A-.....--rnc\-".



LSl Bl M Mas M Mng Sl S e el S gl oy
A B I I Y I i s

ACKNOWLEDGEMENTS

The author wants to thank a number of people who have made ]

thies paper possaible. Mr. John Slager, of Deaignnere & Plannersas, 533*'
Mesara Edward Comastock, Chriasa McKesaon, Steven Toby, and Lt Cdr &?ﬁh
Alan Gideon of NAVSEA, who kindly reviewed the asecond draft of pﬁiﬁ
thia paper, and whose expert viewas have been very important in a:iyi
aaaeaaing the value of the information presented. Thanka are ﬁﬁHﬁ
alao due Megara Jay Howell and Mark Bebar, of NAVSEA for their !}:r
support and auggestions. Last, but not least, Mias Linda Chung ﬁiyﬁ
and Mina Chung helped to review the firat draft of thia paper e

) -

with great patience and auggeated improvementa.

.
.

e

-2 Ay Y

. 4‘
S AL

:','h‘ '7"'-/7 /1“ r/' g .
! LA
ereveasl ik

LAl

.
Uy
"y




v v v F v

A E XN NS vy Ty w v

TPy e

REFERENCES

10.

11.

Kracht, A. & Grim, O., "Widerstand, Propulsion, Bewegung
und Beanapruchung schneller Verdrangungsfahrzeuge in glatt-
em Waaser und in refelmabigem Seegang,* Ifa-Bericht Nr. 167,
Juli 1966.

Yeh, Hugh Y.H., “Seriee 64 Reaiatance Experiments on High-
Speed Diaplacement Forma,' Marine Technology, Volume 2,
No. 3, July 1965.

Bromfield, N. & Foster, J., “Statistical Analysias of Avail-
able Data on the Resistance of Deatroyers and Frigates,*
Portsmouth College of Technology, Dept. of Mechanical Eng-
ineering & Naval Architecture, November 1966.

Schmitke, R.T., Glen, I.F., and Murdey, D.C., "Development
of A Frigate Hull Form for Superior Seakeeping,® Eastern
Canadian Section, SNAME, April 1979.

Jin, Ping-zhong, Su, Ba-ying and Tang, Zhong-kai, “A Para-
metric Study on High-Speed Round Bilge Diaplacement Hulla,*
High-Speed Surface Craft, September 1980.

QOossanen, P. van, "Resiatance Predictiona of Small High-
Speed Diasplacement Vessels,' ISP

Lindgren, H. & Williama, A., "Systematic Teatas with Small
Displacement Vessels, Including a Study of the Influence

of Spray Stripa,' Diamond Jubilee International Meeting,

SNAME, June 1968.

Hoekzema, D.K., "Powering Characteriatics for A 154-Foot
High Speed PGM from teat of Modela 4932, 4942, and 4950
(U),* DTMB Hydrodynamica Laboratory R & D Report C-1652,
April 1964. (Declasaified)

Marwood, W.J. & Bailey, D., "Deaign Data For High-Speed
Displacement Hulla of Round-Bilge Form,' NPL Ship Report
No. 99, February 1969.

Bailey, D., "The NPL High Speed Round Bilge Displacement
Hull Seriea,"” Marine Technology Monograph No.4, RINA,
1976.

Slager, J.J. & Fung, S., "Hull Form Definition and Area/
Volume Subroutinea for the U.S. Navy Deatroyer Synthesia
Model,* NAVSEA Report 5S5Ww3-82-16, December 1982.




Y . Py R Ty L aatelk i 0
(Tt ta” Ma Aol 0 S Bl a L S I BN A Ry 4% e L . - T Y R AR AR

1 LT
the Tt
, . K

N Jagacay
: 12. Schmitke, R.T., Murdey, D.C.,"Seakeeping and Resistance ?{:ﬂ;
,: Trade-Offs in Frigate Hull Form Deaign," 13th Symposium f:ggf
o\ on Naval Hydrodynamica, October 1980. “ﬁ}:{_
13. Schritke, R.T., "The Influence of Displacement, Hull Form, ,#. i
Yy Appendages, Metacentric Height and Stabilization on Frigate &?bi
j Rolling in Irregular Seas,” SNAME Spring Meeting/STAR };?ﬂu
X Symposium, June 1980. J‘#‘: S
:
14. Gertler, M., "A Reanalysis of The Orginial Test Data for ’?““
o The Taylor Standard Series,'” DTMB Report 806, 1954. AR Ny
S N
Pl e
4 15. HFDS--DDCR, and SER64. e
o AR
v 16. Bailey, D., "High Speed Displacement Ships; Trends in ;w :i
Hull Form Deaign,*® Second Symposium on Small Faat War- ) e
\ ships & Security Vessels, RINA, May 1982.
A
N
. 17 Marcier, J.A. & Savitasky, D., "Resistance of Transom-
N Sern Craft in the Pre-planing Regime,' Report SIT-DL-
3 73-1667, June 1973.
18 Savitsky, D, & Brown, P.W., "Procedures for Hydrodynamic RO
N Evaluation of Planing Hulls in Smooth and Rough Water," f{}?{
- Marine Technology, Volume 13, No.4, October 1976. RO
T OGN,
- A
? 18. De Groot, D., "Resistance & Propulsion of Motorboats,' :}if?
DTMB Tranalation 244, January 1956. .f?<5
‘ O NY
:: 20. Beys, P.M., "Series 63 Round Bottom Boats,' Davidson Lab ;;;fgg
. Report 949, April 1963. .':.‘:.-:c
3 RNasae
b 21. Clement, E.P. & Blount, D.L., "Resistance Tests of a Sys- ?:}tf
e tematica Series of Planing Hull Forms,"™ SNAME Transactions, SN
. Volume 71, 1S63. NS
. A
- - '.-\J- ',:
", 22, Slager, J,J, & Fung, S., "A Study of the Benefits and fﬁxi%_
. Costs of Retrofitting Bow Bulbe on USN Auxiliary and rbﬁfv
: Amphibiouas Warfare Shipa,®™ NAVSEA Report 3213-82-04, ?;q};
April 1982. M
. 4
! 23. Baker, G.S., "Ship Design, Resiatance & Screw Propulaion, ;ﬁt}ﬁh
{ Volume 1.--The Design of Ship Forms & Their Resistance," e
. 1933,
X 24. Slager, J,J. Hagen, G. Saunders, D. & Fung, S., “"Revised

Resistance and Powering Performance Equations for use in
the NAVSEA Aircraft Carrier Design Synthesis Modei,'" (will
3 be publiahed).

D 25. Holtrop., J. & Mannen, G.G.J., "An Approximate Power Pred-
tction Method,” ISP Volume 29, No. 335, July 1982.

SR o A i SR ST SO SR

R A N A R N AR S




26.

27.

28.

29.

“Test of Transom Sterns on Destroyers,” U.S. Experimental
Model Baain Report No. 339, November 1932.

Yeh, H., "Bare Hull Resistance of Four Designs for the
Seshawk Program Represented by Modela 4978, 4979, 4980,
and 4981," DTMB C-040-H-01, December 1964. (Declaasified)

Fung, S.C., *“Powering Prediction Programa: (a) HSVA’C’,
(b)Y SSPA-SFDV, (c) PREPLAN, (d) HSRB, and (e) FSSS,*"
May 1984. (Unpublished)

Nordatrom, H.F., "Some Tests with Modelsa of Small Veasgsels,"
SSPA Nr 19, 1951.

23




-\ .-.\.-\.-\? .I Y —

XA

yhh -.4 nl

R4 ... /s
L4 5, .JJA

1\. .\\\

AR RERE RN}

APPENDIX-A

200-FT Baseline Corvette Hull Form

Resistance Characteristics
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FIGURE A.1

200-Ft Baseline Corvette Body Plan
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TABLE A.1 200-Ft Baseline Corvette Bare
Hull EHP Predictions

200-Ft Corvette Hull Form Characteristics:

LWL (ft> 200.0
‘ BX (ft) 28.953
: TX (£ft) 7.972
Disp. (tons) 584.03
. W.S. (££~2) 5879.7
; LWL /7 BX 6.908
: BX /7 TX 3.632
‘ DL 73.0
’ S 17.20
CB 0.443
CP 0.640
CX 0.691
, cw 0.790

Bare Hull EHP from HSVA’C’ Series:

LCB/LWL
LCF
AT/AX
BT/BX

- - - - -

112.1 106635
120.3 116769
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TABLE 2.0-1 Range of High Speed Displacement Hull Form
Characteristics
Small Frigate Corvette Faat Patrol Bocat
LWL (£t) 261.0--321.5 185.0--262.5 100.0--192.6 )
SIS
BX (£ft) 34.5---39.4 25.6---34.5 20.0---28.9 N
. v NN,
TX (£t 10.5---11.2 5.9---10.5 5.0----8.4 NI
AENERNOA
Disp (tons) 1385.7-1787.1 538.4-1299.1 180.0--480.3 ;"‘
(449.8) TR
VK (kt) 26.0---39.0 27.0---42.0 24.0---41.0 ;Tf
V/L~0.5 1.86--2.29 1.85--2.38 1.87--3.49 fﬁf
L/B 7.62--8.35 5.94--8.03 5.00--7.23 %épgg
(8,.97) TAT e
LTS
A
B/T 3.18--3.90 2.89--4.03 2.57--4.91 E?i?:
SN,
cB 0.44--0.50 0.35--0.51 0.33--0.51 i;sz
cP 0.61--0.66 0.58--0.64 0.61--0.70 e
CX 0.67--0.80 0.60--0.74 0.54--0.78
DL 53.1--80.3 53.6--96.8 58.5-135.2
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TABLE 3.0-1 Hull Form Parameters of High-Speed
Displacement Hull Series

L

7,
A

5

¥ Seriea FSSs HSVA‘C” SSPA-SFDV e
e T
¥ No. of Models 30 16 3 RN
\ o AN
i Model Length (£t) 11.14 19.69 10.8-14.5 B
S
AN
- DL 57.3-98.6  41.3-82.1 S5.8-132.3 RO
o e
N L/B 5.98-8.51 7.49-10.1 4.62-8.21 RRoRa
s AT
»
5'- B/T 3.29-5.20 2.74-4.97 3.00-4.00 =
- CB 0.48-0.52 0.40-0.57 0.40
-4 cP 0.61-0.66  0.60-0.72 0.68 .
S =,
cx 0.784 0.54-0.83 0.59 ) L
L 4‘*4
.
cw 0.74-0.80 0.75-0.87 0.73 SaTas
.:_:.\..\:
_________ :- i
1,2 IE 000 me-m-==e- s-—e-e-- 8.24-14.4 AV
WY
LCB (x> aft 0.28-2.76 -0.90-3.46 4.15 L
RSO
LCF (%) aft 4.25-7.11 4.68-10.9 9.09 N
Dt AN
i\ -\H‘.QD.
AT/AX 0.07-0.09 0.03-0.30 0.42 DN
AT
BT/BX 0.42-0.74 0.47-0.95 0.77 !;;._F
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TABLE 3.0-1A Hull Form Parameters of High-Speed j:.:-_’.'-
Diaplacement Hull Series e
~"?\¢!\
Series SERIES 64 TANG NPL-HSRB et
---------------------------------------------------------- ‘x::-.::‘
No. of Modela 27 877122 32 N
Ry
RS \',:
Model Length (ft) 10.00 = c-=~----- 8.33 Sty
».
DL 15.0-55.0 42.9-314.3 50.0-319.9 o
L/B 8.45-18.3 2 ~--=-=--- 3.33-7.50
B/T 2.00-4.00  —-—-=w=--- 1.72-10.21
CB 0.35-0.55  —=-=—--=-- 0.397
cpP 0.630 0.57-0.76 0.693
cX 0.56-0.87  ~-=-==~-- 0.573
cw 0.761 = —-----=-- 0.753
1/2 1E 3.70-7.80  --------- 11.0-20.5
LCB (%) aft 6.560 0.00-6.40 2.00-6.40
[0
Ei LCF (%) aft 10.10 = -=-=----= mceeeeo--
o
E; AT/AX 0.410 0.00-0.74 0.520
Lo
. BT/BX 0.860 = --------- 0.815
/ ---------------------------------------------------------
.{.
.
s,

Y
(9K
-.j.
LS
L
N -
N e
N
. o\ ;\“.‘
- i N
= T
:." v !
"o e !
K v.:\ .
\-- “\"‘.-\"
- ":"' .
- AN
e s
L | I
o T-3 AN
“ s'\f_-.
- MO
-7 Ry
fv' :I"*\
- N
) >
1) *
. N
-‘.'.: k -4
N TN
..\ - AR}
B ._. e e T e e e ORI UL I IR I N B P e
n- i, ._ \-.’ ‘. '. ) . R .'i- * . ._.--\.‘.‘..\.-_..... a .*..‘<'\- ..-_.\-‘..~ ~.'.,‘-‘,. - el '\", e e e e --..‘
N - S .-_n . . ',".‘-. “_~‘A.". ‘. T N St et
W"L‘.‘ -‘—‘.“\ \) \ \' ’—l" S aNaN, s AAA!-)-DA_‘[.) LR e cm o ataat ;‘ AP PR -".‘."-'.','.'-"-‘J.




R TNV TV IV R W U Y S I OO OV L RGO W T W N Y TV Y W N VI N U LT Y A T R TR T T TN T e

TABLE 3.8-1 Small Frigate Bare Hull EHP Predictions
Compared to Model Teatsa

Small Frigate Hull Form Characteristics?

LWL (£t) 300.0
LWL / Bx 7.938
Bx / Tx 3.365
CB 0.469 LCB/LWL 0.522
cP 0.616 DL 57.1
CX 0.760 AT/AX 0.108 2
cw 0.750 BT/BX 0.747 “
EHP/EHP (model tests) CA=0.0004 Fe
-------------------------------------------------------- AT
FN FSSS HSVA’C’ SSPA SER64  TANG MERCIER VN
N NN
-------------------------------------------------------- :'.!A'.‘_\.‘:'
0.25 0.884 0.962 ----- 1.797  -----  ----- RN
0.30 0.934 0.944 ----- 1.742 -----  ----- PR,
0.35 0.947 0.977 ----- 1.735  -----  ----- o
0.40 1.001 0.953 1.219 1.458 1.090 0.936
0.45 0.989 0.955 1.043 1.195 1.050 0.876
0.50 1.001 0.954 0.973 1.096 1.034 0.860
0.55 1.024 0.945 0.957 1.059 1.048 0.857
0.60 1.024 ©0.983 0.956 1.031 1.089 0.901
0.65 1.021 0.959 0.942 1.017 -----  -----
T-4
jf:.. -:Z:
ot o A A e A T Tt AT AT N e A A ST T e s T _.: . _::
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LWL (£fbt) 230.0
LWL 7 BX 7.348
BX /7 TX 3.913
CB 0.426 LCB/LWL
CP 0.576 DL
CX 0.739 AT/AX
Ccw 0.711 BT/BX
EHP/EHP (model teats) CA=0.0004
FN FSSS HSVA’C’ SSPA SER64 TANG MERCIER
0.25 0.862 0.988 --~---~ 1.619 ----- = =----
0.30 0.781 0.974  --~-~ 1.485 --~--- = -=---
0.35 0.798 0.939 ----- 1.947 --=-=-= = -=---
0.40 0.966 0.919 1.165 1.334 1.001 1.001
0.45 1.042 0.947 1.032 1.120 1.038 1.002
0.50 1.036 0.951 0.961 1,012 0.969 0.936
. 0.55 1.063 0.941 0.939 0.973 1.013 0.926
- 0.60 1.073 0.988 0.938 0.963 1.012 0.954
: 0.65  1.071 0.961 0.929 0.962 ----- 0.955
i 0.70 1.079 0.969 0.925 0.969 1.043 0.928
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TABLE 3.8-2 230-Ft Corvette Bare Hull EHP

Predictiona Compared to Model Teste

230-Ft Corvette Hull Form Characteristics:
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:- TABLE 3.8-3 154-Ft PGM-C Bare Hull EHP Predictions -t-}':"
> Compared to Model Tests LA
’: N
s - 1
.":\.':'-".‘\-'
:., 154-ft PGM-C Hull Form Characteristics: S \
AT
p: .':x:;\‘_-.'
s LWL (ft) 154.0 AN
o LWL / BX 7.032 RSN,
E BX 7/ TX 4.380 ;ﬁ*-“
S el ,
v cB 0.443 LCB/LWL 0.565
# CP 0.630 DL 58.5 AR
& cX 0.697 AT/AX 0.400 e
cw 0.760 BT/BX 0.827 )
! ______________________________________________
% EHP/EHP (model tests) CA=0.0004
Y.
N e e
" FN FSSS HSVA’C’ SSPA SER64  TANG MERCIER
0.25  -=---  —-e-- —meom omeom —-eo oo
3.30 0.777 1.015  ----- 1.239 -----  -----
0.35 0.826 1.015 ----- 1.441 ----- 1.202
0.40 0.870 0.889 1.043 1.211 0.884 1.084
0.45 0.945 0.939 0.996 1.062 0.909 1.016
0.50 0.987 0.975 0.982 0.992 0.809 0.994
0.55 1.041 0.960 0.956 0.950 0.864 0.966
0.60 1.053 1.021 0.967 0.954 0.793 0.980
0.65 1.062 1.013 0.988 0.980 ----- 0.987
0.70 1.106 1.051 1.020 1.032 0.884 1.002
0.75 1.077 1.048 1.007 1.039 -----  -----
0.80 1.03¢ 1.058 1.017 1.050 -----  ----- L
0.85  -----  ----- 0.998 1.052 ----- = ----- e
0.90  -----  ----- 0.988 1.052 -----  ----- S
0.95  -----  —--om —---- 1.051  -----  ----- e
1.00  -----  —a--- a-ee- 1.049  -----  ----- N
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TABLE 4.0-1 Basic Hull Form Parameters for
Powering Predictions--High Speed
Displacement Hull Series

NI
_________________________________________________________________ AN
Series Parametere .\,.:"\.
Fsss  ® o ce B/T LeB LeF .rii
HSVA*C” o) cp B/T i.
‘ ssPA-SFDV () B/T e
’ SERIES 64 DL CB  B/T
% TANG ® CP LCB IE  AT/AX
; MERCIER ® IE  AT/AX
Ca
NPL-HSRB @
L/B
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TABLE 5.0-1

Hull Form Series Applications
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0.4-0.65

0.6-0.8

0.6-0.8

0.6-0.8

0.4-1.0

0.4-0.7

------------

L)

Series Displacement
(Tons)
FSSs 1500-5000
HSvA‘’C”’ 400-2000
SSPA-SFDV 100-400
Seriea 64 9 -------
NPL-HSRB 100-400
TANG 100-500
MERCIER 100-200
Appendix-B S500-3000
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